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[57] ABSTRACT 

A method of managing a telecommunication subnetwork 
system composed of a number of network elements coupled 
together through an optical medium to form a Synchronous 
Digital Hierarchy (SDH) network ring. Each of the network 
elements receives upon initiation or reconfiguration and then 
stores an identical ring table or knowledge database that is 
composed of data in a predetermined format and structure. 
The ring table defines the ring type and ring identification, 
number of nodes, ring status, node identification, sequence, 
and status, and provides ring provisioning tables and embed- 
ded SDH ring path identification/status information. The 
ring table is utilized in each of the network elements for 
provisioning and other management type functions common 
within a SDH ring environment. 

30 Claims, 10 Drawing Sheets 
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SDH RING HIGH ORDER PATH support path layer connection in SDH, and consists of 

MANAGEMENT information payload and path overhead (SOH) information 

field organized in a block frame structure repeating every 

CROSS REFERENCE TO RELATED 125 microseconds or 500 microseconds. VC-3 and VC-4 are 

APPLICATIONS 5 considered high order virtual containers and VC-1 and VC-2 

This application is related to U.S. Pat. No. 5,412,652, arc considered low order containers. FIG. 12 illustrates the 

which issued to Tsu-Kai Lu and which is commonly multiplexing structure of the SDH hierarchy, 

assigned as this application. U.S. Pat. No. 5,412,652, which The SONET line rate hierarchy is based upon transmis- 

is entitled, SONET Ring Subnetwork Management Method, sion building blocks of 51.84 million bits per second (Mbps) 

is incorporated herein by reference. 10 each. The 51.84 Mbps rate is called the Synchronous Trans- 
port Signal level 1 (STS-1), which is the basic logical 

BACKGROUND OF THE INVENTION building block. Higher rates or levels are all multiples of the 

The present invention is directed in general to a telecom- basic rate of 5184 Mb P s ' for example, the STS-3 rate is 

munication subnetwork system, and, more particularly, to a 155 52 Mb P s - In general, the different line rates of the 

method of managing a SDH ring subnetwork through the use 15 ekclncal signals are referred to as an STS-N rate. The 

of a ring table that is embedded into each network element different line rates of the optical signals corresponding to the 

of the ring electrical signals are referred to as OC-N. 

In telephone communications in the past, voice/data was ^ frame format for STS ' N lioe rates is derived from a 

carried primarily over metallic media such as twisted pair _ n basic umt of trans P° rt for the STS1 frame, which is 

and coaxial cable. Over metallic media, voice/data is trans- 2 organized into nine rows of 90 bytes or 810 bytes per frame, 

ferred at a speed or line rate of various levels. For example, ^ frame 15 generated 8,000 times per second (8 KHz), 

the human voice can be carried as a digital signal at a line yielding the 51.84 Mbps STS-1 rate (i.e., 8000 frames/ 

speed of 64 kilobits per second (kbps). For this line speed, second * 810 bytes/frame * 8 bits/byte), 

the voice signal must be sampled 8,000 times each second, 25 By now, those skilled in the art are well familiar with the 

and using pulse code modulation, each voice value is carried SONET and SDH standards, and thus further description 

as an eight-bit sample. This 64 kbps rate is called the Digital thereof will be omitted. 

Signal level 0, or DS-0, rate. Higher rates, such as DS-1, Referring now to FIG. 1A, there is shown a high-level 

DS-2, DS-3, . . . DS-N also exist, and are described in the architecture of a typical telecommunication subnetwork 

International Telegraph and Telephone Consultative Com- 3Q system including a SDH ring 1, which is a collection of 

mittee (CCITT) Recommendations G.703. However, the nodes or network elements (throughout this specification the 

speed at which data is transferred over metallic media is terms "node" and "network element" are used 

limited. To overcome this limitation, optical fiber media interchangeably) N(l), N(2), . . . N(n) coupled together by 

have been developed to accommodate much higher line optical fiber 2 to form a closed loop. The nodes N(l), N(2) 

speeds, and permit the transfer of much more information in 3S are coupled to an operation support system (OSS), which 

a given period of time. performs the general telecommunication functions. 

The development of optical fiber transmission systems The nodes or network elements N(l) to N(n) are SDH 

resulted in the formation of a Synchronous Digital Hierarchy add-drop multiplexed (ADM) providing access to all or at 

or SDH, which is an ITU international standard for optical least a subset of the STM path signals contained within 

communications. Synchronous Optical NETwork or SONET 40 STM-N of the optical fiber 2. As described later on in more 

standard is a Northern American version. SDH and SONET detail, STM or VC (virtual container) signals are added to 

define line rates hierarchy and frame formats, and each is (inserted) or dropped from (extracted) the STM-N signal as 

fully described by the ITU-T Standards G.707, 708, 709 and it passes through the individual add-drop multiplexed nodes. 

American National Standards Institute (ANSI) specification SDH rings can be divided into two general categories, 

T1.105,T1.106 for a high-speed digital hierarchy for optical 45 namely, line switched and path switched according to the 

fiber communications, respectively. protection mechanism. Further, according to the direction of 

Regarding SDH, ITU-T G.707, 708, and 709 provide a the traffic flow under normal working conditions, these 

coherent set of specifications. The Synchronous Transport categories are divided into unidirectional and bidirectional 

Module (STM) is used in SDH as the information structure subcategories. In addition, both two fibers and four fibers are 

to support section layer connection in SDH. STM includes 50 used for rm g applications. 

information payload and section overhead (SOH) informa- A line switched architecture uses SDH line layer indica- 
tion field organized in a block frame structure repeating tions to trigger the protection switching action. Switching 
every 125 microseconds. The basic STM is defined at action is performed at only the line layer to recover from 
155,529 kbit/s and termed as STM-1. The higher capacity failures, and does not involve path layer indications. Line 
are formed at a rate equivalent to N times multiples of the 55 layer indications include line layer failure conditions and 
basic rate. 1, 4, and 16 are defined, higher than 16 is under signaling bit-coded messages that are sent between nodes to 
consideration. However, in SONET, the basic rate is 51,840 effect a coordinated line protection switch. In the event of a 
kbit/s termed as STS-1 which does not represent a level in failure, line switched rings establish ring switches at the two 
SDH. nodes adjacent to the failure. In addition, four-fiber bidirec- 
STM-1 comprises a single administrative unit (AUG) 60 tional line switched rings may have the capability of using 
together with SOH. STM-N contains N AUG span switching. 

(administration unit group) together with SOH. An AUG A path switched ring include two counter- rotating fibers, 

consists of a homogeneous assembly of AU-3s or AU-4s. each of which forms a two-way communication path. The 

The administration unit further consists of a tributary unit duality of complete two-way paths is used to protect each 

(TU-n, n =1,2,3). The tributary unit TU-n further consists of 65 other at any given time. The incoming tributary from the low 

virtual container VC-n together with a tributary unit pointer. speed side is permanently bridged at the node where it enters 

The virtual container is the information structure used to the ring and is transmitted in both directions over the 
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different fibers to the node where the channel is dropped 
from the ring. At this node one of the two signals is selected 
as working. The trigger mechanism for the protection switch 
is derived from information in the SDH path layer. 

In a unidirectional path switched ring (UPSR), normal 
routing of the working traffic is such that two way commu- 
nication signals travel around the single fiber of the ring in 
the same direction (e.g., clockwise). Specifically, the two 
way communication signals use capacity along the entire 
circumference of the ring, 

FIG. 2 illustrates a two fiber unidirectional, path switched 
SDH ring. The SDH ring has, for example, five nodes N(l) 
to N(5), which are interconnected by two- fibers, each fiber 
having identical traffic being sent in different directions to 
the receiving node, which can choose the good path from 
these two identical traffic paths. In the unidirectional SDH 
ring, the incoming and outgoing data follow the same 
direction on the ring. 

FIGS. 3A and 3B illustrate a bidirectional two-fiber and 
four-fiber line switched SDH ring, respectively. Here, nor- 
mal routing of the working traffic is in both directions. That 
is, traffic traverses a ring normally carried on the working 
channels, except in the event of a ring or span protection 
switch, in which case it is restored on the protection chan- 
nels. 

In the two- fiber ring of FIG. 3 A, a first optical fiber OF1 
includes first working channels Wl and first protection 
channels PI and a second optical fiber OF2 includes second 
working channels W2 and protection channels P2. Each pair 
of first and second working channels forms a bidirectional 
path. In the four-fiber ring of FIG. 3B, the four optical fibers 
OF1 to OF4 form two pairs of bidirectional optical fibers, 
one pair being used for bidirectional working channels Wl, 
W2, and the other pair being used for bidirectional protec- 
tion channels PI, P2. 

In a SDH ring configured in one of the manners described 
above, the transfer of data throughout the ring must be 
provisioned to achieve Time Slot Assignment (TSA), Time 
Slot Interchange (TSI), and all cross connections between 
the line side and add-drop side for each of the nodes in a 
ring. Generally, these ring provisioning techniques are car- 
ried out by many cross connection commands issued from 
the OSS to each of the individual nodes or network elements 
as shown in FIG. 1A. 

A more recent requirement or demand from telecommu- 
nication service providers is that the provisioning process be 
performed by the individual network elements in response to 
provisioning information or commands provided by the OSS 
or other network management tools. This is commonly 
termed autoprovisioning. 

Another requirement for SDH ring telecommunication 
subnetwork systems is that of automatic protection switch- 
ing. Currently, in known telecommunication systems, the 
amount of provisioning information that is stored at each of 
the network elements is quite limited. For instance, accord- 
ing to one method, single cross connection assignment 
information is stored in each of the network elements. In this 
method, because the individual network elements only have 
isolated single termination assignment information, each of 
the individual cross connections is treated as an entity. In a 
second method, each network element includes cross con- 
nection information for a single node so that the node is 
treated as a managed entity. Both of these methods, however, 
are disadvantageous in that they rely on a centralized OSS 
to provision the individual network elements of the SDH 
ring. 
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In a conventional telecommunication subnetwork system, 
such as that shown in FIG. 1A for example, all intelligence 
of the network management system resides primarily in the 
OSS. A subnetwork management layer is missing from the 

5 architectures known today. Moreover, in most cases, the 
network elements are simply "dummy" equipment and have 
little or no management functions at all. In other words, the 
OSS manages all operations and functions of the network 
elements by communicating commands to each of the net- 

30 work elements individually. As a result, the OSS is under a 
heavy burden to manage each of the individual network 
elements. 

Thus, if this methodology in which the OSS is under a 
heavy burden to manage each of the individual network 

15 elements continues, it will lead to inefficient operation of the 
OSS and the SDH ring as a whole. Moreover, as the 
telecommunication subnetwork increases in size, as more 
SDH ring and/or individual network elements are added, and 
as more functions and services are provided, the OSS will 

20 not be able to manage the network in an effective manner. 
As new SDH ring technologies and architectures evolve, 
the traditional network management methods will not be 
adequate. For example, a SDH ring must provide support for 
self-healing, autoprovisioning, software/firmware 

25 download, and provide quick responses to network manage- 
ment requests. The current centralized management method, 
which places a heavy burden on the OSS to meet all of these 
needs, is simply not adequate. 

Thus, without partitioning and distributing the network 
management functions to the subnetwork and network ele- 
ment level, the situation will become even worse. There is 
thus a need to change from a more centralized to a more 
distributed managed network. The present invention as 
described herein meets this and all other requirements 
mentioned above. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present invention 
^ to provide a distributed knowledge database for each node of 
a SDH network ring which is free of the above and other 
problems of the prior art. 

Another object of the present invention is to partition and 
distribute the network management functions to the subnet- 
45 work in order to realize a more distributed managed net- 
work. 

Yet another object of the present invention is to provide a 
distributed management method by using a ring table which 
is adaptable to highly sophisticated SDH characteristics and 

50 SDH ring architecture by utilizing a data communication 
channel, Section DCC; this method being more advanced 
than what is presently known in the prior art. 

It is a further object of the present invention to support 
many advanced network functions, such as 

55 autoprovisioning, self-healing protection switching, the use 
of protection channels to carry extra traffic, and other 
advanced network management functions in SDH ring appli- 
cations. In addition, more network management functions 
can be easily implemented by using the ring table. These 

60 functions include status monitors at ring level, path level, 
and node level, ring information database synchronization, 
etc. 

The above and other objects of the present invention are 
accomplished by providing a method of managing a syn- 
65 chronous digital hierarchy (SDH) network ring composed of 
a plurality of network elements coupled together through an 
optical fiber medium in which a plurality of channels are 
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defined, each of the network elements comprising first and FIG. 8 illustrates a ring provisioning table for the counter- 
second high-speed interface modules for interfacing the clockwise (CCW) working channels of the ring of FIG. 5. 
network elements to one another through the optical fiber p JG 9A Urates the ring provisioning table for the 
medium, and a low-speed interface module selectively clockwise (CW) protection chaDnels S ™#8 to STM#16 
coupled to the first and second high-speed interface mod- 5 which extfa traffic failufe 
ules. The method includes steps of generating a ring table 7 

comprising data representing ring characteristics for each of FIG 9B 'Urates the ring provisioning table for the 

the network elements of the SDH ring, the ring character- clockwise (CW) protection channels STM#8 to STM#16 of 

istics including, for each of the network elements of the toe rin S of FIG. 5 after a failure. 

SDH ring, ring provisioning information for defining chan- FIG. 10 illustrates a functional block diagram of a nel- 

nel connectivities between the first and second high-speed work element. 

interface modules and for defining channel connectivities FIG. 11 illustrates a functional block diagram of a con- 
between the low-speed interface module and each of the first from , he netWQrk elemen , of RG 10 
and second high-speed modules of the SDH ring, download- ,„.„ ,. , . ... 
ing the ring table to each of the network elements, storing the . FIG 12 "J«U»tes a multiplexing structure within a SDH 

ring table in each of the network elements, and managing 15 nng nc or " 

each of the network elements of the SDH ring according to DETAILED DESCRIPTION OF A PREFERRED 

the ring table. EMBODIMENT 

In further accordance with the above and other objects, 
the present invention provides a telecommunication subnet- 2Q According to the present invention, a ring knowledge 
work system including transmission means including an database (herein "ring table") is composed of data that 
optical fiber medium for transferring STM-N, and a SDH • provides complete ring subnetwork provisioning informa- 
ring network comprising a plurality of network elements tion and other management information for the entire SDH 
coupled together through the transmission means to form a ring network. The ring table provides the necessary intelli- 
closed loop. Each of the plurality of network elements gence for the individual network elements and is used by the 
include first and second high-speed interface modules for network elements for decision making processes in, for 
interfacing the network element to the transmission means, example, autoprovisioning and self-healing operations, as 
the first and second high-speed interface modules compris- well as other management functions. The consolidated ring 
ing means for converting optical signals to electrical signals table is also used by the management system for simplifying 
STM-N and electrical signals STM-N to optical signals, at 3Q operations of the SDH ring as a whole, 
least one low-speed module, coupled to the first and second The ring table is updated, as necessary, through network 
high-speed modules and to a communication device located element to network element and/or network element to OSS 
outside of the SDH ring network, means for storing a ring communications using standard communication protocols 
table, the ring table comprising data representing ring char- and messages. As will become clear to the skilled artisan, the 
acteristics for each of the network elements of the SDH ring, 35 ring table is capable of supporting SDH ring management 
the ring characteristics including, for each of the network functions including not only autoprovisioning, ring auto- 
elements of the SDH ring, ring provisioning information for ma tic protection switching (APS) and carrying extra traffic, 
defining channel connectivities between the first and second but also other ring network management functions, such as 
high-speed interface modules and for defining channel con- ring performance monitoring, ring alarm surveillance, etc. 
nectivities between the low-speed interface module and each The information provided by the ring table and its associated 
of the first and second high-speed modules of the SDH ring, algorithm permits the SDH ring table to evolve to a high- 
and a controller for controlling and managing the transfer of level managed object. 

data to and from each of the network element within the Although the description herein focuses on the application 

SDH ring in accordance with the nng table. of a ring table for a SDH ring> it will be clear t0 one of 

BRIEF DESCRIPTION OF THE DRAWINGS 45 ordinary skill in the art that such a ring table can easily be 

iTi/^ * i mi t > . ■ , u * * r implemented to support multiple telecommunication man- 

FIG. 1 A illustrates a hie rarchial architecture of a conven- F 4 t , a u JC ^ • ^^t^ 

, t . . 4 . u * i * agement network functions, such as those defined in CQTT 

tional telecommunications subnetwork system. J> , . „ _ . . r _. . . 

n „ , n .„ . . , c . Recommendation M.30, Principles for a Telecommunication 

FIG. IB .Uustrates a hierarchial architecture of a telecom- M ment Network> and j^si Tl-210 America National 

mumcahons subnetwork system according to the present ^ Sundard for Telecommunications Operation, 

Administration, Maintenance, and Provisioning (OAM&P) 

FIG. 2 illustrates a unidirectional, two-fiber path switched _ Princip i e of Functions, Architectures, and Protocols for 

SDH ring having five nodes interconnected by a interfaces between Operations systems and Network 

unidirectional, two-fiber path having working W and pro- Elements, as examples. 

tection P paths. ,55 According to the present invention, a SDH ring is provi- 

FIGS. 3A and 3B dlustrate a bidirectional two-fiber and sioned ^ a fing based method that treats lhe rf as a 

four-fiber line switched SDH nng, respectively. managed ^ aod manages a riflg >t me su5network level 

FIGS. 4A-4E illustrate a portion of a nng table according through each node of the ring. It provides a subnetwork 

to the present invention. management layer and automates the ring management 

FIG. 5 illustrates a two-fiber optical BLSR STM-16 type 60 functions. The ring based method provides a more system- 
SDH ring having four nodes. al j c way to manage a SDH ring as a whole rather than 

FIG. 6 is an example of a ring provisioning table, which managing separately each of the many individual and links 

is a key component of the ring table, for the clockwise within the ring subnetwork. As this method results in more 

working channels STM#1-STM#8 of the four node, two- intelligence being embedded into each of the ring network 

fiber BLSR SDH ring of FIG. 5. 65 elements, the ring network elements can advantageously 

FIG. 7 illustrates the different types of cross-connections perform ring management functions with minimum human 

at a node between two high speed sides and a low speed side. intervention. 
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Before providing a detailed description of the ring table, such as that shown in FIG. 1A, the SNC provides subnet- 
reference is made to FIGS. 10 and 11 which illustrate work layer and network layer management functions, such 
functional block diagrams of a network element. FIG. 10 as filtering, grouping, ring management, etc. 
shows a functional block diagram of a SDH network ele- During the initiation or reconfiguration of a SDH ring, a 
ment N(n), while FIG. 11 illustrates a functional block 5 ring table is downloaded through a communication channel 
diagram of a controller. and/or section DCC channel and is stored in the memory 121 

Referring first to FIG. 10, the network element 100 in each of the network elements, 

includes a pair of high speed function blocks 101, 101', FIGS. 4A-4E illustrate an example of a portion of the ring 

processing functional block 102, a NM communication table, which is of a predetermined format and data structure. 

■ module 103, a controller 104, low-speed unit 105, and a 10 The contents of the ring table varies, however, in order to 

power/clock functional block 106. The high-speed func- reflect the current configuration, status, etc. of the SDH ring 

tional blocks 101, 101* are respectively coupled to the network. The table as shown in FIGS. 4A-4E defines the 

optical media 2 that interfaces adjacent nodes to one another. ring/chain type and identification (ID), number of nodes, 

The high speed functional blocks therefore include optical ring status, node identification (ID), sequence, path 

high speed interface units for sending and receiving optical 15 identifications, and status. As described below the ring table 

signals at high rates, for example, STM-1, STM-4, STM-16, includes ring provisioning tables providing three levels of 

and so on. Hie functional blocks 101, 101* also serve to provisioning information for the ring/chain, node, and path, 

convert the optical signals to STM-1 electrical signals, or as well as embedded SDH ring path identification/status 

STM-1 electrical signals to optical signals. The low-speed information for the ring/chain, node, and path levels of the 

unit 105 includes a series of add/drop boards BRD1 to 20 SD h ring network. Lastly, the ring table includes a check - 

BRDn, which serve as interfaces to lower speed devices at sum or similar type of check information for data integrity, 

rates such as STM-1, C4, C3, C2, CI, etc. Specifically, FIG. 4A illustrates the format and data 

The processing function block 102 serves many functions structure for the ring/chain ID and ring/chain type data 

for a network element, and includes a unit 102(a) for fields. The ring/chain ID is defined by, for example, two 

multiplexing, demultiplexing, and time slot assignment and 25 bytes of information. The ring type is defined by one byte of 

interchange of the add and drop signals that are received data. In the ring type data field, the first nibble identifies the 

from or sent to the high-speed modules 101, 101* and type of ring, such as ring or chain, TDM or WDM, UPSR or 

low-speed unit 105, a switching unit 102(fc) for protecting BLSR, and the second nibble indicates the number of fibers 

the network elements, and a NM overhead (e.g., SDH (e.g., two or four). For example, the bit definition for the one 

overhead) processing unit 102(c). 30 byte of ring type information may be as follows: 

The NM communication 103 provides a further interface Bit 7 — 1: ring, 0: chain 

to additional data communication channels, such as X.25, Bit 6 — 1: TDM, 0: WDM 

LAN to OSS, or OSS related equipment including subnet- Bi t 5__i : Bidirectional, 0: Unidirectional 

work controller mediation device. The controller 104 pro- 3S Bit 4_ 1: Line Switching, 0: Path Switching 

vides for the general network management information Bits 3 to G-Number of Fibers 

processing and control of the network element A more AnQthcr b (not mus[T ^ cd) be ^ t0 mdicate the 

detailed functional block diagram of the controUer 104 is WDM parameters, such as the number of wavelengths used, 

illustrated in FIG. 11. Lastly, the power and clock function e ^ c 

block 106 provides power and clocking signals to the other 4Q , n me ^ 0 f WDM (Wavelength Division Multiplexing), 

components of the network element. regardless of whether or not Virtual Wavelength Path (VWP) 

Referring to FIG. 11, the controller 104 includes a hard- anc j Wavelength Cross Connection (WCC) may be used, the 

ware module 120 which is composed of, for example, a same form of ring table can be used. In the ring table, WCC 

central processing unit (CPU) for providing the overall ^ reflected as grouping TSI (Time Slot Interchange) at 

control of the network element, a memory 121, which 45 STM-16 level, if each wavelength is carrying a STM-16 in 

interacts closely with the CPU in storing working data a f olir wavelength WDM Ring. 

including the ring table as defined below, and a control The ring status data field is illustrated in FIG. 4B and is 

input/output port 122 for interfacing with the other compo- defined by two bytes of data. For instance, the two bytes of 

neots of the network element. The CPU executes control ring status are based on the SDH overhead Kl, K2 bytes of 

programs which are generally stored in a general software 50 data for a BLSR type of ring. On the other hand, for a UPSR 

storage or memory/interface unit 123. The memory/interface t y pe 0 f ring, a zero indicates normal non-switching status, 

unit 123 is also coupled to an interface to SDH NM overhead while a non-zero indicates the amount of path switching that 

unit 124 in order to receive and process embedded SDH ^ currently taking place. 

overhead from the NM overhead module of the processing FIGS. 4C and 4D illustrate the data structure defining the 

unit 102. The memory/interface unit 123 further interfaces 5S number of nodes and node sequence. In FIG. 4C, one byte 

with an interface to NM communication unit 125 for receiv- Q f d a ta is used to identify the number of nodes. In the 

ing or sending messages/data from or to an OSS or subnet- preferred embodiment, one byte could identify up to 255 

work controller which are present when additional data noc j e s, however, for a BLSR ring, the maximum number of 

communication channels are present as provided for by the noc j es ^ 16. For a UPSR ring, the recommended maximum 

NM communication unit 103 shown in FIG. 10. 60 number of nodes is 19. The node sequence is determined by 

FIG. IB illustrates an embodiment of a telecommunica- the ring topology and may be represented in different ways 

tion subnetwork system including a SDH ring in which the depending on how the ring table is implemented. According 

present invention is carried out. Specifically, the system of to the preferred embodiment, the node sequence is defined 

FIG. IB includes at least three levels, namely, the OSS with by a table that lists each node ID (i.e., name of the node) in 

distributed intelligence, a subnetwork controller SNC at a 65 a particular sequence, as illustrated in FIG. 4D. A node status 

second level, and intelligent network elements N' (1) . . . N' byte (or bytes) of information is provided for each of the 

(n) at a third level. In contrast to more conventional systems nodes on the SDH ring as shown in FIG. 4E. The node status 
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code represents predefined conditions, such as no alarm, a 
major alarm, or a minor alarm. 

Lastly, with reference to FIG. 6, the ring table includes a 
SDH ring provisioning table. The provisioning table is a 
three-dimensional array including rows of data for defining 5 
channel information in a BLSR application and path infor- 
mation in a UPSR application, and one column including 
two add -drop subcolumns per node for defining the node and 
connection type information. 

FIG. 5 illustrates an example of a four node, two-fiber 10 
SDH STM-16 B-LSR ring. One of the two fibers carries 
traffic in the clockwise (CW) direction, while the other fiber 
carries traffic in the counter-clockwise (CCW) direction. In 
the disclosed embodiment, each of the fibers include 16 
STM-1 channels including channels 1-8, which are used as 15 
working channels for carrying normal traffic, and channels 
9-16, which are used as protection channels for restoring 
normal traffic when a node failure or fiber cut occurs. 
Otherwise, the protection channels 9-16 do not carry normal 
traffic, but they may carry extra traffic. Extra traffic is the 20 
traffic that is carried over the protection channels when they 
are not used for the protection of the traffic on the working 
channels. Extra Traffic is not protected, and if the protection 
channels are required to protect or restore the working 
traffic, the extra traffic is preempted. 25 

FIG. 6, which is described in more detail below, is an 
example of a ring provisioning table for the clockwise (CW) 
working channels 1-8 at STM-1 level of the four node, 
two-fiber BLSR of FIG. 5. The eight STM-1 channels are 
labeled as STM#1^STM#8. Typically, there would be four 30 
tables, one for each of the channel groups: CW STM-1 
working channels 1-8; CW STM-1 protection channels 
9-16; CCW STM working channels 1-8; and CCW STM 
protection channels 9-16 generated and stored in the 
memory 121 of the controller. For bidirectional STM-1 35 
channels, the table for the CW channels is the same as the 
table for the CCW channels except the directions are oppo- 
site. 

The maximum SDH STM-1 bidirectional paths that can 
be assigned to the BLSR ring is equal to eight times the 40 
-number of nodes. That is, in BLSR type rings, each segment 
between two nodes may signal independently if the traffic 
patterns are all with neighboring nodes. Therefore, the 
maximum number of paths will depend on the traffic pattern; 
the more traffic between the neighboring nodes, the more 45 
paths can be assigned to different segments of the ring. In 
general, however, the total number of paths that could be 
utilized will be between eight times the number of nodes and 
16 bidirectional STM-1 paths depending on the traffic pat- 
tern. 50 

For UPSR type applications, the ring table is much 
simpler due to the fixed in and out traffic pattern. For 
instance, for a two-fiber SDH STM -4 UPSR ring, only a 
maximum of 4 SDH STM-1 paths can be assigned to the 
UPSR ring because each duplex path traverses the entire 55 
ring. Therefore, each STM-1 channel can only be assigned 
once. 

FIG. 6 illustrates an example of a ring provisioning table 
for the clockwise (CW) working STM-1 channels 
STM#1-STM#8 of the four node, two-fiber BLSR SDH ring 60 
of FIG. 5. The ring provisioning table for the CW working 
channels includes a column for each of the nodes A, B, C, 
and D, and each column includes an ADD and DROP 
column. There is also one row for each of the eight STM-1 
channels labeled as STM#1, STM#2, STM#3, STM#4, 65 
STM#5, STM4/6, STM#7, and STM#8. FIG. 6 shows in 
particular the provisioning of one-way normal traffic which 



is carried by the CW working channels STM#1-STM#8 in 
the left to right direction. In different applications, the basic 
provisioning unit could be smaller than STM-1, such as 
other rates illustrated in FIG. 12. Multiplexing structure of 
SDH ring table should be used for relatively high order path 
management and leave lower order path to a node map based 
and single cross connection based methods. This is espe- 
cially advantageous to manage ATM traffic in backbone 
networks. 

As described above, the ring provisioning table includes 
a row for each channel and a column including two subcol- 
umns for each node. Cross-connection information, which 
determines the connections between the channels entering 
and exiting the node and the add/drop connections between 
the high-speed unit and low-speed units, in the form of a ring 
path ID is inserted into selective cells defined by the rows 
and by the ADD and DROP columns. The ring path ID is a 
unique character string to identify a particular SDH path 
within a SDH ring. The characters are chosen to be mean- 
ingful to associated nodes, especially the starting or source 
node and the ending or destination node. Asequence number 
may be used to make each path ID unique (the sequence 
numbers do not have to be consecutive). In addition, an 
extension number is used to indicate the low speed board 
sequence where the signal is added from or dropped to. For 
example, ring path ID "AD2" (see FIG. 6) indicates a second 
path which starts at node A and ends at node D. The 
extension number "-2" of the path ID "AD2" at node A 
indicates that low speed board sequence number 2 is where 
the signal is added at node A. The extension number "-1" of 
the path ID "AD2" at node D indicates that the signal is 
dropped to the low speed board BRD1 at the ending node D. 
A second extension can also be utilized to indicate the status 
of the path. 

There are four possible types of cross-connections, 
namely, ADD, DROP, DROP-CONTINUE, and PASSING 
THROUGH. These four cross-connections are represented 
in the provisioning tables by the following nomenclature: 

ADD — Path ID (e.g., AC1) appears in the ADD column 
and not the DROP column of a node (e.g., node A) . The 
extension number, e.g., "-1" of the path AC1, indicates the 
sequence of the low speed board from which the signal is 
added. Here, the board sequence number is 1. 

DROP — Path ID appears in the DROP column and not the 
ADD column of a node (e.g., AB3-2 at node B). The 
extension number is used to indicate the low speed board 
sequence at which the signal is dropped. 

DROP AND CONTINUE— Path ID appears in both the 
DROP and ADD columns of a node (e.g., BA4-4 and BA4-0 
in the DROP and ADD columns of node D). The extension 
number of the path ID in the DROP column indicates the low 
speed board sequence at which the signal is dropped, while 
the extension number of the path ID in the ADD column is 
always "-0" to indicate that no low speed board is used for 
continuing the signal. 

PASSING THROUGH— Path ID appears only in the 
ADD column of a node and the extension number is always 
"-CT. The extension number is always "-0" to indicate that 
no low speed board is used to add or drop the passing 
through signals. 

FIG. 7 illustrates each of the different types of cross- 
connections at node B between two high speed sides and a 
low speed side. Boards BRDI-BRD7 of the low-speed unit 
represent typical add/drop boards used for interfacing to 
lower speed (e.g., DS-N) devices. Specifically, referring to 
FIG. 7, the channel STM#1 is dropped to the low speed 
board BRD1 and continued, the channel STM#2 passes 
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through node B, the channel STM#3 is dropped to the low 
speed board BRD2, and the channel STM^4 is added from 
the low speed board BRD3 to the second high speed line side 
at node B. Channel STM#7 is dropped on Board 4 from the 
first high speed side (EAST) and added from Board 5 to the 5 
second high speed side (WEST). Similarly, channel STM#8 
is dropped from the EAST side on Board 6 and added from 
board 7 to the WEST side. 

The ring table also supports both TSAs and TSIs for SDH 
Ring applications. Specifically, in a BLSR application, 
TSAs and TSIs can be supported. Between high speed sides, 
TSIs are supported by allocating the same path ID (e.g., BA4 
in FIG. 6) in different rows of the table. The extension (e.g., 
"-3") is used to indicate the connection to/from the low 
speed board, while the extension "-0" is used to indicate a 
PASS-THROUGH type connection. Thus, both TSAs and 15 
TSIs are supported between high speed and low speed sides. 

In a UPSR application, the ring table provides the capa- 
bility of low speed port assignment, which is very useful. 
For example, the ring table supports a path that may be 
dropped to different low speed boards by changing the 20 
board/port ID number or the extension of the path ID. 

Referring to FIG. 6, the ring provisioning table provides 
the following SDH ring path provisioning and node provi- 
sioning information. 

A two fiber BLSR STM-16 Ring has the SDH ring path 25 
provisioning information derived from FIG. 6 as follows: 

PATH AC1 

The SDH ring path AC1 represents the path which 
extends from node A to node C and therefore is labelled as 50 
AC1. The number "1" of the label "AO" is used to uniquely 
identify this path within the ring. As illustrated in FIG. 6, the 
path AC1 is added from the low speed board BRD1 to the 
channel STM#1 at node A, and is dropped and continued at 
node B. In the DROP column at node B, the extension 35 
indicates the low speed board BRD1. In the ADD column, 
the extension "-0" (i.e., no low speed board is used for 
adding) indicates that the path AC1 continues. Because the 
path AC1 is in both the DROP and ADD columns and in the 
same row (i.e., the channel STM#1), there is no time slot 40 
assignment change of this path at node B. Finally, the path 
AC1 is dropped to the board BRD1 at node C. 

PATH AD2 

The SDH ring path AD2 extends from node A to node D. 45 
The number "2" of the path label "AD2" uniquely identifies 
this path from the other paths of the SDH ring. The path AD2 
is added from the low speed board BRD2 at node A to the 
channel STM#2, and is passed through at node B (denoted 
by the label AD2-0 in the ADD column; the "-0" extension 5Q 
indicating that no low-speed board is used). The path AD2 
is also passed through at node C with no low-speed board 
being necessary, and finally the path AD2 is dropped from 
STM#2 to the low speed board BRD1 at Node D. The path 
AD2 does not undergo any STM time slot changes at any of $5 
the nodes since the path ID remains in the same row. 

PATH AB3 

The path AB3 extends around the SDH ring from node A 
to node B. The number "3" of the label "AB3" is used to 
uniquely identify this path within the ring. The path AB3 is 60 
added from the low speed board BRD3 at node A to the 
channel STM#3, and is dropped to the low speed board 
BRD2 at node B from the channel STM#3. 

PATH CD6 65 
The path CD6 runs from node C to node D around the 
ring. The number "6" of the label "CD6" is used to uniquely 
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identify this path within the ring. At node C, the path CD6 
is added from the low-speed board BRD2 to the channel 
STM#4, and, at node D, the path CD6 is dropped to the 
low-speed board BRD2 from the channel STM#4. 

PATH CD7 

The path CD7 is added from the low-speed board BRD3 
at node C to the channel STS#5, and is dropped to the low 
speed board BRD3 at node D from the channel STS#5. The 
number "7" of the label "CD7" is used to uniquely identify 
this path within the ring. 

PATH BA4 

The path BA4 extends around the SDH ring from node B 
to node A. The number "4" of the label "BA4" is used to 
uniquely identify this path within the ring. The path BA4 is 
added from the low-speed board BRD3 at node B to channel 
STM#6, is passed through at node C, is dropped to the low 
speed board BRD4 and continued on channel STM#6 at 
node D, and is finally dropped from the channel STM#6 to 
the low-speed board BRD4 at node A. 

PATH DA11 

The path DAll extends around the SDH ring on the 
channel STM#7 from node D to node A. The "11" label 
uniquely identifies this path within the ring. This path is 
added at low-speed board BRD6 at node D and is dropped 
at node A onto low-speed board BRD6. 

PATH DA15 

Similarly, the path DA15 extends around the SDH ring on 
channel STM#8 from node D to node A, and is uniquely 
identified by the label "15". The path is added at node D 
from low-speed board BRD8 and is dropped onto low-speed 
board BRD8 at node A. 

PATH AB8 

The path AB8 extends around the SDH ring on channel 
STM#7 from node A to node B, and is uniquely identified by 
the label "8". The path is added at node A from low -speed 
board BRD5 and is dropped onto low-speed board BRD4 at 
node B. 

PATH AB12 

The path AB12 extends around the SDH ring on channel 
STM#8 from node A to node B, and is uniquely identified by 
the label "12". The path is added at node A from low-speed 
board BRD7 and is dropped onto low-speed board BRD6 at 
node B. 

PATH BC9 

The path BC9 extends around the SDH ring on channel 
STM#7 from node B to node C, and is uniquely identified by 
the label "9". The path is added at node B from low-speed 
board BRD5 and is dropped onto low-speed board BRD4 at 
node C. 

PATH BC13 

The path BC13 extends around the SDH ring on channel 
STM#8 from node B to node C, and is uniquely identified by 
the label "13". The path is added at node B from low-speed 
board BRD7 and is dropped onto low-speed board BRD6 at 
node C. 
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PATH CD 10 

The path CD 10 extends around the SDH ring on channel 
STM#7 from node C to node D, and is uniquely identified 
by the label "10". The path is added at node C from 
low-speed board BRD5 and is dropped onto low-speed 
board BRD5 at node D. 

PATH CD14 

The path CD 14 extends around the SDH ring on channel 10 
STM#8 from node C to node D, and is uniquely identified 
by the label "14". The path is added at node C from 
low-speed board BRD7 and is dropped onto low-speed 
board BRD7 at node D. 

The paths number 8 (AB8) through number 15 (DA15) 15 
are all provisioned as one -hop neighboring paths. This type 
of provisioning has significant application in carrying ATM 
traffic by sharing the common STM bandwidth as a ATM 
Virtual Path (VP) ring. When the Ring Table is used, the 
provisioning of a STM channel over the ring for ATM VP 20 
traffic could be easily done by using this provisioning pattern 
for SDH Path provisioning for the ATM VP ring. 

The node provisioning information derived from FIG. 6 is 
as follows: 

Node A 25 

At node A, the path AC1 is added from the low speed 
board BRD1 to the channel STM#1, the path AD2 is added 
from the low speed board BRD2 to the channel STM#2, the 
path AB3 is added from the low speed board BRD3 to the 
channel STM#3, the path BA4 is dropped from the channel 30 
STM#6 to the low speed board BRD4, the path DAll is 
dropped from the channel STM#7 onto low-speed board 
BRD6, the path DA15 is dropped from the channel STM#8 
to low-speed board BRD8, the path AB8 is added to channel 
STM#7 from low-speed board BRD5, and the path AB12 is 35 
added to channel STM#8 from low-speed board BRD7. 
NodeB 

At node B, the path AC1 is dropped from the channel 
STM#1 to the low speed board BRD1 and continued, the 
path AD2 is passed through at the channel STM#2, the path 40 
AB3 is dropped from the channel STM#3 to the low speed 
board BRD2, the path BA4 is added from the low speed 
board BRD3 to the channel STM#6, the path AB8 is dropped 
from channel STM#7 to low-speed board BRD4, the path 
AB12 is dropped from channel STM#8 to low-speed board 45 
BRD6, the path BC9 is added to channel STM#7 from 
low-speed board BRD5, and the path BC13 is added to 
channel STM#8 from low-speed board BRD7. 

All cross-connections between the high speed sides and 
the low speed side at node B are illustrated in detail in FIG. 50 
7. 

Node C 

The path AC1 is dropped to the low speed board BRD1 
from the channel STM#1, the path AD2 is passed through 
node C on the channel STM#2, the path CD6 is added from 55 
the low speed board BRD2 to the channel STM#4, the path 
CD7 is added from the low speed board BRD3 to the 
channel STM#5, the path BC9 is dropped from channel 
STM#7 to low-speed board BRD4, the path BC13 is 
dropped to low-speed board BRD6 from channel STM#8, 60 
the path CD10 is added to channel STM#7 from low-speed 
board BRD5, and the path CD 14 is added to channel STM#8 
from low-speed board BRD7. In addition, the path BA4 is 
pass through at Node D. 

Node D 65 

At node D, the path AD2 is dropped to the low speed 
board BRD1 from the channel STM#2, the path CD6 is 
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dropped to the low speed board BRD2 from the channel 
STM#4, the path CD7 is dropped to the low speed board 
BRD3 from the channel STM#5, the path BA4 is dropped to 
low speed board BRD4 from the channel STM#6 and 
continued on the same channel STM#6, the path CD10 is 
dropped from channel STM#7 to low-speed board BRD5, 
the path CD 14 is dropped to low-speed board BRD7 from 
channel STM#8, the path DAll is added to channel STM#7 
from low-speed board BRD6, and the path DA15 is added 
to channel STM#8 from low-speed board BRD8. 

In addition to providing path provisioning information 
and node provisioning information, the ring provisioning 
table also provides time slot interchange (TSI) information. 
Specifically, in order to provide TSI information, the same 
SDH ring path ID will appear at different rows/time slots 
(STM-1 channels) at the interchanging node to indicate that 
it was dropped from an incoming channel from EAST side 
and added to a different outgoing channel to the WEST with 
O Board indicator, the interchanging does not necessarily 
need a low speed board. It is assumed that all paths (normal 
and extra traffic) are bidirectional, therefore, all paths are 
paired with both CW and CCW directions. 

FIG. 8 illustrates a ring provisioning table for the CCW 
working channels STM#1 to STM#8. In contrast to the table 
for the CW working channels as shown in FIG. 6, the table 
of FIG. 8 illustrates the paths or the one-way traffic from 
right to left. It is also noted that the ADD and DROP 
columns are switched. 

In order to recognize the bidirectional paths (i.e., the path 
pairs) easily, the path IDs are transposed with labeling 
numbers unchanged to indicate properly the source and final 
destinations. For example, paths AB3 (in FIG. 6) and BA3 
(in FIG. 8), CD 6 and DC6, etc. are two-way path pairs. 

In order to explain the relationship between the working 
STM-1 channels (time slots) and protection STM-1 channels 
(time slots) after a failure (e.g., a fiber between nodes is cut 
or a node failure), reference to the provisioning tables of 
FIGS. 9a and 9b is made. FIG. 9a illustrates the ring 
provisioning table for the CW protection STM-1 channels 
STM#9 to STM#16 which carry extra traffic prior to a failure 
occurring. The extra traffic includes paths AB50, AB52, 
AB55, AB57, BC51, CD53, CD56, CD58, and DA54. FIG. 
9b illustrates the ring provisioning table for the CW protec- 
tion channels STM#9 to STM#16 after a failure has 
occurred. 

In general, prior to a failure, all protection channels 
STM#9 to STM#16 in both the CW and CCW directions are 
most likely in a default status (i.e., passing through). When 
an optical cable has been cut or a node has failed, the 
working channels are looped back using the protection 
channels to restore the traffic. 

As an example, consider the case when a failure between 
optical fiber nodes B and C occurs, as shown in FIG. 5 B. In 
this example, the affected SDH paths AC1, AD2, BA4, BC9, 
and BC13 are looped back through the CCW protection 
channels STM#9, STM#10, STM#14, STM#15, and 
STM#16, respectively, to pass signals back to the other ends. 
A specific advantage of the present invention is that not all 
of the protection channels between nodes are necessary for 
restoring the traffic. That is, only the channels STM#9, 
STM#10, STM#14, STM#15, and STM#16 are required in 
this example. In conventional systems, all protection chan- 
nels STM #9 to STM#16 would be required to restore the 
traffic. FIGS. 9B illustrates the manner in which the extra 
traffic is no longer carried on the channels STM#9, STM#10, 
STM#14, STM#15, and STM#16 so that these channels are 
available to restore the CW working channels. 
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Typically, under normal conditions (i.e., no failures) the internally as a knowledge base for each of the ring network 

CW and CCW protection channels STM#9 to STM#16, elements to perform intelligent tasks and support advanced 

which share the same fibers used for the working channels, features such as autoprovisioning, self-healing, and ring 

do not carry normal traffic. It is common, however, for the recovery. Because the management information is distrib- 

protection channels to carry extra traffic as described above. 5 uted over tne ring* not only is the network management 

In this instance, without the use of a ring table according to greatly improved, but the database synchronization problem 

the present invention, all extra traffic must be dropped when 15 resolved. Other advantages include the fact that only one 

a failure occurs because each node does not know which of ""S download command/ring table file transfer is necessary 

the extra traffic can be saved. However, through the use of f ° r Provisioning the entire ring, that each of the network 

the SDH ring table as described herein, only a minimum io receive * the same formation (i.e ring table), and 

number of protection channels is necessary to restore the ™% l f le ™ bo u *? aic6 direct network 

, J? J element to network element communications within the 

norma ra c - . ■ • ring. In all, the ring table supersedes the other methods and 

1Tie rules for defining and using the ring provisioning prowi6cs better ri * supp^ 

table including the assignment and designation of path IDs has thus been shown and described a noveI SDH 

for the working traffic are also applicable to the extra traffic, is ring subnetwork management method which fulfills all the 

More specifically, FIG. 9 A illustrates the provisioning of ob j ects and advantages sought therefor. Many changes, 

extra traffic on the protection channels STM#9 to STM#16 modifications, variations and other uses and applications of 

in the CW direction before a failure has occurred. Here, the the subject invention will, however, become apparent to 

extra traffic is carried on paths AB50, AB52, AB55, AB57, those skilled in the art after considering the specification and 

BC51, CD53, CD56, CD58, and DA54 across nodes A, B, 20 the accompanying drawings which disclose preferred 

C, and D. embodiments thereof. All such changes, modifications, 

After a failure occurs, such as the optical cable between variations and other uses and applications which do not 

nodes B and C being cut, the protection channels STM#9, depart from the spirit and scope of the invention are deemed 

STM#10, STM#14, STM#15, and STM#16 are used to to be covered by the invention which is limited only by the 

restore the traffic. The protection channels STM#11, 25 claims which follow. 

STM#12, and STM#13 are not disturbed and these channels What fc claim ed is: 

continue to carry extra traffic. 1 A method of managing a synchronous digital hierarchy 

Although not shown, a second extension (e.g., "-L") is < SDH ) subnetwork ring composed of a plurality of network 

used to indicate that a path is being looped back. Further, for eIe " cou P led t0 S et i her throu e h m °Pj lcal fiber medium 

BLSR type rings, two characters L or B can be used to 30 m whl ^ h * P lurahtv of channel are defined, each of said 

indicate that a path is being looped back or bridged, respec- netw ° rk elemen ls ?>mpnsing first and second high-speed 

lively. For UPSR type rings, two characters N or S can be interface modules for interfacing said network elements to 

used to indicate that a path is normally used or used for one f oihe [ ihrou & f ld °P Ucal , fiber medium > ™ d a low ; 

secondary protection, respectively. However, it is clear to speed interface module selectively coupled to said first and 

one of ordinary skill in the art, more status bytes can be 35 nigh-speed interface modules, said method compris- 

utilized in order to indicate various other path conditions ing 1 e stcps ° * 

such as bit error related information for a particular path, etc. generating a nng table comprising data representing nng 
It is further noted that upon the occurrence of a failure, the characteristics for each of the network elements of the 
ring table may be revised or modified to reflect the new SDH nn S' Mld nn g characteristics including, for each 
provisioning of the paths. Alternatively, the provisioning 40 of the network elements of the SDH nng, ring provi- 
information can be determined based on the provisioning slonm S information for defining channel connectivities 
information prior to the failure and the known protection between the first and second high-speed interface mod- 
switching that results when the failure is detected. Again, it uIes and for defi mng channel connectivities between 
is assumed that all paths (normal and extra traffic) are the low-speed interface module and each of the first and 
bidirectional with both CW and CCW directions. 45 second nigh-speed modules of said SDH nng; 

Once the failure has been rectified (i.e., the hardware has downloading said ring table to each of the network 

been repaired), normal traffic is recovered without reprovi- elements; 

sioning the SDH ring. That is, after the failure has been storing said ring table in each of said network elements; 

rectified, the ring table stored in the nodes are utilized to and 

recover or restore the normal traffic; even for the nodes 50 managing each of said network elements of said SDH ring 

directly affected by the failure. If the failure causes a node according to said ring table. 

to lose the ring table, that node can request and receive the 2. A method of managing a SDH ring subnetwork as 

ring table from a neighboring node (as the ring tables stored defined by claim 1, wherein said ring characteristics com- 

in each of the nodes are identical). Therefore, full recovery prise ring type and ring identification, number of nodes 

and autoprovisioning is realized after the hardware failure is 55 within the SDH ring, ring status, and node identification, 

eliminated. This recovery is performed without intervention sequence, and status. 

from any outside management systems and fully relies on 3. A method of managing a SDH ring subnetwork as 

the previously stored ring table. defined by claim 2, wherein the data representing the ring 

It will become clear to those of ordinary skill in the art that characteristics are dynamically updated to reflect current 

a ring based management method according to the present 60 conditions of the SDH ring. 

invention as disclosed hereinabove has many advantages 4. A method of managing a SDH ring subnetwork as 

over conventional systems. In summary, the ring table serves defined by claim 2, wherein the ring type defines one of 

primarily two purposes. First, the ring table simplifies the unidirectional path switched ring (UPSR) and bidirectional 

ring subnetwork management interface externally by reduc- line switched ring (BLSR), and the number of optical fibers 

ing the number of interface commands that must be trans- 65 within the optical fiber medium. 

ferred between the individual network elements and the 5. A method of managing a SDH ring subnetwork as 

OSS, for example. Second, the ring table can be used defined by claim 1, wherein said ring provisioning informa- 
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tion for defining channel connectivities represents the con- 
nections between the channels entering and exiting the first 
and second high speed modules of each of the network 
elements and add and drop connections between the first and 
second high speed modules and the low-speed interface 5 
module. 

6. A method of managing a SDH ring subnetwork as 
defined by claim 5, wherein the channel connectivities 
comprises data to define ADD, DROP, DROP-CONTINUE, 
and PASS-THROUGH channel connections. 10 

7. A method of managing a SDH ring subnetwork as 
defined by claim 1, wherein said managing step comprises 
the step of transferring normal traffic and extra traffic around 
the SDH ring to the first and second high-speed modules and 
the low-speed interface module of each of the network is 
elements based on the ring provisioning information. 

8. A method of managing a SDH ring subnetwork as 
defined by claim 7, wherein the SDH ring is a bidirectional 
line switched ring and the optical fiber medium includes first 
and second fibers, the first fiber carrying traffic in the 20 
clockwise (CW) direction and including CW working and 
CW protection channels, and the second fiber carrying traffic 

in the counterclockwise (CCW) direction and including 
CCW working and CCW protection channels, said method 
further comprising the steps of: 25 
defining a first type of channel connectivity information 
for each of the CW working, CW protection, CCW 
working, and CCW protection channels between the 
first and second high-speed modules of each of the 
network elements; 30 
defining a second type of channel connectivity informa- 
tion for each of the CW working, CW protection, CCW 
working, and CCW protection channels between the 
first and second high-speed modules and the low-speed 
interface module for each of the network elements; and 35 
generating the ring provisioning information based on the 
first and second types of channel connectivity informa- 
tion. 

9. A method of managing a SDH ring subnetwork as 
defined by claim 8, wherein during normal conditions said 
CW and CCW working channels carry normal traffic and 
said CW and CCW protection channels carry the extra 
traffic, and during failure conditions said CW and CCW 
protection channels restore the normal traffic, said method 
further comprising the step of: 45 

recognizing a failure condition and the location of the 

failure condition within the SDH ring; 
identifying the CW and CCW working channels affected 

by the failure condition based on the ring provisioning 50 

information; 

identifying the CW and CCW protection channels not 
affected by the failure condition based on the ring 
provisioning information; and 

restoring the normal traffic carried on the CW and CCW ss 
working channels affected by the failure condition to 
the CW and CCW protection channels not affected by 
the failure condition. 

10. A method of managing a SDH ring subnetwork as 
defined by claim 9, said method further comprising the step 60 
of modifying the ring provisioning information of said ring 
table after the normal traffic has been restored so as to define 
the channel connectivities for each of the CW working, CW 
protection, CCW working, and CCW protection channels. 

11. A method of managing a SDH ring subnetwork as 65 
defined by claim 1, wherein said managing step comprises 
the step of transferring normal traffic around the SDH ring 



40 



to the first and second high-speed modules and the low- 
speed interface module of each of the network elements 
based on the ring provisioning information. 

12. A method of managing a SDH ring subnetwork as 
defined by claim 11, wherein the SDH ring further comprises 
an optical fiber for carrying traffic on clockwise (CW) 
working and CW protection channels in the CW direction 
and for carrying traffic on counterclockwise (CCW) working 
and CCW protection channels in the CCW direction, said 
method further comprising the steps of: 

defining a first type of channel connectivity information 
for each of the CW working, CW protection, CCW 
working, and CCW protection channels between the 
first and second high-speed modules of each of the 
network elements; 

defining a second type of channel connectivity informa- 
tion for each of the CW working, CW protection, CCW 
working, and CCW protection channels between the 
first and second high-speed modules and the low-speed 
interface module for each of the network elements; and 

generating the ring provisioning information based on the 
first and second types of channel connectivity informa- 
tion. 

13. A method of managing a SDH ring subnetwork as 
defined by claim 12, wherein during normal conditions said 
CW and CCW working channels carry normal traffic and 
said CW and CCW protection channels carry extra traffic, 
and during failure conditions said CW and CCW protection 
channels restore the normal traffic, said method further 
comprising the step of: 

recognizing a failure condition and the location of the 

failure condition within the SDH ring; 
identifying the CW and CCW working channels affected 

by the failure condition based on the ring provisioning 

information; 

identifying the CW and CCW protection channels not 
affected by the failure condition based on the ring 
provisioning information; and 

restoring the normal traffic carried on the CW and CCW 
working channels affected by the failure condition to 
the CW and CCW protection channels not affected by 
the failure condition. 

14. A method of managing a SDH ring network as defined 
by claim 13, said method further comprising the step of 
modifying the ring provisioning information of said ring 
table after the normal traffic has been restored so as to define 
the channel connectivities for each of the CW working, CW 
protection, CCW working, and CCW protection channels. 

15. A method of managing a SDH ring network as defined 
by claim 13, said method further comprising the step of 
recovering the normal traffic without reprovisioning the 
SDH ring. 

16. A method of managing a SDH ring subnetwork as 
defined by claim 1, wherein the ring provisioning informa- 
tion for defining channel connectivities comprises an array 
of data cells, said array including a row for each of the 
channels and a column including two subcolumns for each 
network element of the SDH ring, and wherein selected ones 
of the data cells include ring path identification information 
to define the channel connectivities between the first and 
second high-speed interface modules and for defining chan- 
nel connectivities between the low-speed interface module 
and each of the first and second high-speed modules of said 
SDH ring. 

17. A method of managing a SDH ring subnetwork as 
defined by claim 16, wherein the ring path identification 
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information comprises a unique character string of data to 
identify each SDH path within the SDH ring. 

18. A method of managing a SDH ring subnetwork as 
defined by claim 17, wherein the unique character string of 
data is associated with each of the network elements and 
identifies the network element where the SDH path begins 
and the network element where the SDH path ends, and 
includes a sequence number for uniquely identifying the 
SDH path. 

19. A method of managing a SDH ring subnetwork as 
defined by claim 18, wherein the unique character string of 
data further comprises a first extension character to identify 
the low-speed interface module that a SDH path is dropped 
to or added from. 

20. A method of managing a SDH ring subnetwork as 
defined by claim 19, wherein the unique character string of 
data further comprises a second extension character to 
identify the status of a SDH path. 

21. A method of managing a SDH ring subnetwork as 



defined in claim 1, wherein said ring table further defines 20 four optical fibers, 



high-speed interface modules and for defining channel 
connectivities between the low-speed interface module 
and each of the first and second high-speed modules of 
said SDH ring; and 
a controller for controlling and managing at least a portion 
of the data to and from each of said network element 
within said SDH ring in accordance with said ring 
table. 

23. The telecommunication subnetwork system as defined 
by claim 22, wherein said SDH ring is configured as a 
unidirectional path switched ring. 

24. The telecommunication subnetwork system as defined 
by claim 22, wherein said SDH ring is configured as a 
bidirectional line switched ring. 

25. The telecommunication subnetwork system as defined 
by claim 24, wherein said transmission means comprises 
two optical fibers. 

26. The telecommunication subnetwork system as defined 
by claim 24, wherein said transmission means comprises 



traffic pattern to support ATM traffic with more efficient 
bandwidth utilization. 

22. A telecommunication subnetwork system comprising: 

transmission means including an optical fiber medium for 
transferring data; and 

a SDH ring network comprising a plurality of network 
elements coupled together through said transmission 
means to form a closed loop, each of said plurality of 
network elements comprising: first and second high- 
speed interface modules for interfacing said network 
element to said transmission means, said first and 
second high-speed interface modules comprising 
means for converting optical signals to electrical sig- 
nals and electrical signals to optical signals; 

at least one low-speed module, coupled to said first and 
second high-speed modules and to a communication 
device located outside of the SDH ring network; 

means for storing a ring table, said ring table comprising 



27. The telecommunication subnetwork system as defined 
by claim 22, wherein said predetermined characteristics 
comprise ring type and ring identification, number of nodes 
within the SDH ring, ring status, and node identification, 

25 sequence, and status. 

28. The telecommunication subnetwork system as defined 
by claim 27, wherein the ring type defines one of unidirec- 
tional path switched ring (UPSR) and bidirectional line 
switched ring (BLSR), and the number of optical fibers 

30 within the optical fiber medium. 

29. The telecommunication subnetwork system as defined 
by claim 22, wherein said ring provisioning information for 
defining channel connectivities represents the connections 
between the channels entering and exiting the first and 

35 second high speed interface modules of each of the network 
elements, and add and drop connections between the first 
and second high speed interface modules and the low-speed 
interface module. 



30. The telecommunication subnetwork system as defined 
data representing ring characteristics for each of the 4 q by claim 29, wherein the channel connectivities comprises 
network elements of said SDH ring, said ring charac- data to define ADD, DROP, DROP-CONTINUE, and PASS- 
teristics including, for each of the network elements of THROUGH channel connections, 
said SDH ring, ring provisioning information for defin- 
ing channel connectivities between the first and second ***** 



02/08/2003, EAST Version: 1.03.0002 



